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Static and Kinetic Thrust Characteristics of a Linear Oscillatory Actuator with
a Permanent Magnet at Low Temperature
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This paper reports the static and the kinetic thrust char-
acteristics of a linear oscillatory actuator with a permanent
magnet at low and room-temperatures. The static and
kinetic thrust with respect to the position were measured
with a variable exciting current. Room-temperature was
maintained by water cooling, and low temperature was
obtained by using liquid nitrogen. The detent force at low
temperature was larger than that at room-temperature.
The static thrust excluding the detent force at room-
temperature was larger than that at low temperature, and a
linear dependence at low and room-temperatures was ex-
hibited between the static thrust excluding the detent force
and the magnetomotive force.
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Fig. 1 Structure of the linear oscillatory actuator.
This is the position z=0 mm. The mover goes into
the stator.
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Table 1
actuator

Specifications of the linear oscillatory

Stator size $ 150 X 48 (mm)

Mover size ¢ 58 X 45 (mm)
Material SS400
Permanent magnet material Nd-Fe-B
(BH)max 280  (kJ/m3)
Number of turns 128 (turns)
Magnetomotive force 5 (kA)
Stroke 15 (mm)
Gap length 1 (mm)
Position-detecting Turn buckle
sensor Load cell
oad ce
i e
Pipe ‘?Inlet
H DC power
- suppl
Outlet PRy
Rod for
experiment
Stator {__Low-temperature
~F | liquid
Vacuum (b L coit
~ oi
Mover

Position-detecting

Wire
sensor Pulley Weight
Pipe \ [ Load cell
1 Inlet
>. ) / DC power
. g supp]y
Outlet  §
EFL_Rod for
1 experiment
tat $ 1
S or\z [~ Low-temperature
Vacuum [ :

Fig. 3 Testing device for kinetic thrust.
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Fig. 4 Static thrust with respect to the position z at
low and room-temperatures. The values of the
magnetomotive force are 5 kA, 3 kA, and 1 kA.
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Fig. 5 Detent force with respect to the position z at
low and room-temperatures. The magnetomotive

force is 0 kA.
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Fig. 6 Mover’s position with respect to the stator at
the position z=5 mm.
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Fig. 7 Flux distribution at cross section by F.EM.
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Fig. 8 Static thrust excluding the detent force with
respect to the position z at low and room-
temperatures. The values of the magnetomotive
force are b kA, 3 kA, and 1 kA.
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Fig. 9 Static thrust excluding to the detent force
with respect to the magnetomotive force mmf at low
and room-temperatures.
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Fig. 10 B with respect to the position z at low and
room-temperatures. S is the static thrust divided by
the magnetomotive force, and g8 that obtained by the
least squares method is the slope of the line
containing the origin. A* is the value of 8 at low
temperature divided by that at room-temperature.
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Fig. 11 Kinetic thrust with respect to the velocity at
low temperature. The load is 113 N. The values of
the magnetomotive force are 5 kA and 3 kKA.

Load 113N
LN, temperature

Magnetomotive force
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15

8
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0 5 10 15
Position z (mm)
Fig. 12 Kinetic thrust with respect to the position z

at low temperature. The load is 113 N. The values of
the magnetomotive force are 5 kA and 3 kA.
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Fig. 13 Velocity with respect to the position z at
low temperature. The load is 113 N. The values of
the magnetomotive force are 5 KA and 3 kA.
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Fig. 14 Kinetic thrust with respect to the velocity at
low and room-temperatures. The load is 113 N. The
magnetomotive force is 5 kKA.
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0 , , * Fig. 16 Velocity with respect to the position z at
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Fig. 15 Kinetic thrust with respect to the position z
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